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EFFECT OF CONTAINER OPENING AREA ON AIR DISTRIBUTION
DURING PRECOOLING OF HORTICULTURAL PRODUCE
L. R. de Castro,  C. Vigneault,  L. A. B. Cortez
ABSTRACT. An existing research tool was used to investigate air distribution in horticultural produce containers during
forced−air precooling. This tool consisted of an instrumented produce simulator that allowed indirect measurement of sur-
rounding air velocity at different positions inside a package. Using this new research tool for different forced−air cooling
conditions, the surrounding air velocity was inferred as a function of the simulator’s location in reference to the air entrance.
The air pathway during the cooling process was investigated for three total package−opening areas (0.67%, 2%, 6%) at air-
flow rates ranging from 0.125 to 3.9 L s−1 kg−1. The air approach velocity at each position inside a package rose as the opening
area increased. More vented area also enhanced the cooling efficiency. However, increasing the airflow rate resulted in a
greater air pressure drop. Opening areas more than 6% of the package surface should be tested to achieve the maximum
necessary vented configuration that meets the structure constraints and generates air distribution and cooling efficiency not
significantly different from fully open.
Keywords. Air approach velocity, Cooling rate, Cooling uniformity, Forced air, Package, Produce simulator.
educing the high losses currently observed in post-
harvest fruit and vegetable operations is a goal of
worldwide research. Horticultural produce quality
can be maintained by applying advanced technolo-
gy. This technology involves modern procedures for harvest,
rapid cooling, and refrigerated storage during the distribution
of produce to market. In this scenario, palletization is essen-
tial to increase efficiency during handling, storing, and ship-
ping (Neves Filho, 2002). Pallet surface optimization can be
attained through the standardization of the container’s out-
side dimensions.
There are currently several international and national
standards for the size and the vent alignment of reusable
containers, as well as regulations to ensure produce integrity
and environmental safety. Although many software programs
are available to calculate the effect of a container’s vented
area and positioning on its structural resistance, there are few
specifications concerning their influence on the produce
cooling efficiency (Kader, 2002; Vigneault et al., 2002).
The design of a reusable container should take into
account its multiple uses. Therefore, its general dimensions
must be suitable to the different postharvest procedures
required for a variety of horticultural produce (Vigneault and
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Émond, 1998). For instance, the open area must be large
enough not to restrict the airflow during forced−air cooling
(Arifin and Chau, 1987; Vigneault and Goyette, 2002) but
sufficiently narrow to minimize loss of ice particles in a
liquid−ice process (Vigneault and Goyette, 2001). Moreover,
the openings must be well distributed on the package walls
(Castro et al., 2004) and bottom surface (Vigneault et al.,
2004a) so as not to compromise the uniformity of the cooling
operation, whatever the method chosen.
Combining a certain percentage of container opening area
and vent positioning with airflow rate enhances forced−air
cooling efficiency up to a certain point (Castro et al., 2004).
However, the reduction in cooling time cannot justify the
resulting increase in energy costs nor the risk of compromis-
ing package structural resistance. Furthermore, a consider-
able decrease in produce shelf−life, derived from a slow and
heterogeneous cooling process, may complicate the post-
harvest treatment.
As live organisms, fruits and vegetables exhibit physio-
logical changes after harvest. Produce from the same variety
can present considerable differences in physical and chemi-
cal properties (ASHRAE, 2002; Leyte and Forney, 1999).
These factors, added to the variability of produce positioning
due to the packing procedure, can affect the cooling
efficiency. Uniform produce and stacking condition are
necessary to generate replicable results and allow compari-
sons between opening configurations or airflow rates. These
replicated data can also be attained by representing horticul-
tural produce with stable simulators. Such tools allow more
accurate evaluation of the airflow patterns through packages
during forced−air cooling, aiding container and equipment
design (Vigneault et al., 2004b).
The aim of this research was to evaluate the effects of
different combinations of airflow rates and opening areas on
forced−air cooling of produce simulators. The airflow rates
and opening areas were evaluated through indirect deter-
mination of the air velocity profile at different locations
R
2034 TRANSACTIONS OF THE ASAE
inside a container. To increase process efficiency, a new
methodology (Vigneault and Castro, 2004) was applied,




Solid polymer balls of 52.36 mm mean outer diameter and
125.55 g mean weight were used to simulate spherical
horticultural  produce. Sixty−four balls were selected for their
uniform thermal properties (average cooling index of
−0.1414 ±0.0081 min−1, and heat capacity of 1.1252
±0.0657 kJ kg−1 °C−1). Each of the 64 balls was instrumented
with a 254 m diameter, 5 m long insulated copper
constantan (type T) thermocouple wire placed in the center
with a precision of ±0.025 mm (Vigneault and Castro, 2004).
EXPERIMENTAL SETUP
The instrumented balls were stacked along with other
448 balls on a columnar pattern and uniformly distributed to
form a cubic matrix of 8 × 8 balls on each side (512 balls
total). Each instrumented ball had a defined relative orthogo-
nal position (X = width, Y = high) in reference to the airflow
direction (Z). The cubic arrangement resulted in 48.06%
porosity and is described in detail by Vigneault et al. (2004b).
Figure 1 shows the experimental setup used during the trials.
The calibration, the control system, and the precision of the
setup are also described in detail by Vigneault et al. (2004b).
The setup consisted of a heat exchanger to stabilize the
temperature of the air entering into the system, a tunnel
containing the ball matrix, an aspiration chamber, and a
control system. The entire experimental setup was placed in
a cold chamber maintained at 4°C to generate the precooling
process.
After positioning the experimental setup in the cold
chamber, the user was prompted by the control system to
indicate the opening configuration and the setpoint air
velocity in a user−friendly window. Then the automated
control system proceeded with the air velocity adjustments
and data acquisition until the experiment was completed. The
temperature inside the 64 instrumented balls, the air
temperature before and after the ball matrix, the temperature
in the center of the cold chamber, the pressure drop through
the ball matrix and plates, and the air dynamic pressure
through the airflow measuring device were simultaneously
recorded at 20 s intervals. The setpoint velocity was
maintained by continuous monitoring of the system error by
the software and, if necessary, readjustment of the fan voltage
to obtain the desired air velocity.
CONTAINER OPENING CONFIGURATIONS
Three container opening configurations were randomly
chosen considering the packages currently used for horticul-
ture produce. These configurations were investigated by
placing a pair of square (420 × 420 mm, 3 mm thick)
polypropylene plates next to the first and eighth layers of
balls to enclose the ball matrix and simulate two sides of a
package. Nine holes of 38.6 mm diameter were uniformly
distributed on the plates. The three opening areas studied in
this research were 0.67%, 2%, and 6%, which were obtained
by leaving 1, 3, and 9 holes, respectively, uncovered while the
remaining holes were covered with airtight tape. For
comparison, a fully open configuration was also tested by not
using the plates.
EXPERIMENTAL PROCEDURE
The opening configurations were tested with six airflow
rates (0.125, 0.25, 0.5, 1, 2, and 3.9 L s−1 kg−1) in a complete
block design and repeated three times. However, the pressure
drop obtained with the greatest airflow rate and the smallest
opening area exceeded the range of the monitoring system,
















Figure 1. Experimental setup showing forced air tunnel, ball matrix, fan, and dynamic and static pressure measuring devices.
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airflow rates tested for the plates with one and three holes
were 0.75 and 2 L s−1 kg−1, respectively.
Prior to the start of each test, the forced−air tunnel
containing the ball matrix was placed in a warm chamber
maintained at approximately 27°C. An axial fan circulated
air through the matrix for about 120 min, which resulted in
a uniform temperature at the centers of the 64 instrumented
balls. After this conditioning period, the perforated plates
were installed, and the tunnel was placed in the cold room.
The tunnel−end air inlet and outlet were connected to the
experimental  setup, and the fan was turned on immediately.
Data were recorded until the temperature of the warmest ball
reached 6.9°C, at which point the software terminated the
control process and turned off all devices. The recorded
temperature−time data was used to calculate the half−cooling
time (HCT) of each ball for all treatments by using a
dedicated Excel macro developed by Goyette et al. (1996).
STATISTICAL ANALYSIS
The air approach velocity (AAV) in the surroundings of
64 different positions inside the ball matrix was deduced
from the half−cooling time (HCT) obtained for the produce
simulators with the methodology developed by Vigneault et
al. (2004b).
The coefficient of uniformity (CU) of the air velocity
distribution in the matrix during the experiments was
determined as the quotient between the standard deviation
and the mean air velocity for the balls. The cooling process
efficiency was evaluated through analysis of the air pressure
drop.
Multivariate  ANOVA was performed on the results
obtained for the 64 instrumented balls to verify the effects of
the opening configurations and the airflow rates on the
cooling time and air approach velocity. The influence of the
X, Y, and Z directions was also tested to verify the hypothesis
of cooling symmetry in these directions.
Average values for uniformity of air distribution and
pressure drop were compared through multivariate ANOVA.
The outcome was more deeply examined through follow−up
analysis of variance and a Tukey test to determine the effect
of the opening area on air uniformity at each level of airflow
rate, and vice−versa, at a 5% significance level. All statistical
analyses were executed in SPSS v. 11.5 (SPSS, 2004).
RESULTS AND DISCUSSION
COOLING RATE
Opening Area and Airflow Rate
Increasing the opening area increased the cooling rate or
lowered the half−cooling time (HCT) and raised the mean air
approach velocity in the balls’ surroundings. These results
correspond to the findings presented by Castro et al. (2004).
However, the mean air velocity obtained when using a 6%
opening area was significantly higher than that for a 100%
opening. This likely occurred because of the effect of
openings in converging airflow and generating more intense
local velocities. The latter increases the average velocity
value, which was not necessarily uniform through the porous
medium. These results are in agreement with Alvarez and
Flick’s (1999a) assertions regarding the higher velocity and
lower turbulence generated in a container’s vented area
compared to the non−perforated zone. Doubling the value of
the airflow rate approximately doubled the mean air velocity.
Arifin and Chau (1987) also noticed that the cooling rate
doubled when airflow increased not more than 2 L s−1 kg−1.
Positions X, Y, and Z
Table 1 shows that the farther the balls were from the air
entrance, the longer they took to cool down. Alvarez and
Flick (1999b) also claimed that the balls in the first layers in
the airflow (Z) direction cooled first. On the other hand,
Castro et al. (2004), who used empty balls to overcome
thermal mass effect, noticed that the simulators in the center
cooled more slowly than those in the last layer. Analyzing the
air velocity data instead of the HCT in table 1 allowed us to
identify lower values not only in the deepest layers closer to
the air outlet (Z = 7, 8) but also in those closer to the air inlet
(Z = 1, 2) while finding the highest velocities in the middle
layer of the ball matrix (Z = 5). Therefore, the inference of
the air pathway from its velocity, which was obtained by
applying the method of Vigneault et al. (2004b), allowed us
to disregard the air heating inaccuracy often found in the
produce layers. The proximity of the latter to the package
Table 1. Tukey results of the air velocity and half−cooling time
(HCT) for the opening area, airflow rate and balls








Opening area 0.67 768 0.089 a 76.19 d
(%) 2 960 0.187 b 58.31 c
6 1152 0.330 d 44.22 b
100 1152 0.309 c 41.50 a
Airflow rate 0.125 768 0.024 a 118.85 g
(L s−1 kg−1) 0.25 768 0.057 b 68.54 f
0.5 768 0.111 c 44.87 e
0.75 192 0.174 d 36.19 d
1 576 0.240 e 25.97 c
2 576 0.496 f 15.86 b
3.9 384 0.987 g 9.93 a
X position 1 504 0.191 a 52.99 cd
2 504 0.216 b 51.04 c
3 504 0.295 d 41.43 b
4 504 0.342 e 37.49 a
5 504 0.244 c 54.26 d
6 504 0.218 b 60.78 e
7 504 0.235 c 60.62 e
8 504 0.212 b 64.48 f
Y position 1 504 0.198 a 53.35 d
2 504 0.209 b 50.67 c
3 504 0.305 e 40.94 b
4 504 0.331 f 37.98 a
5 504 0.230 c 60.80 e
6 504 0.217 b 64.29 f
7 504 0.248 d 55.51 d
8 504 0.214 b 59.52 e
Z position 1 504 0.238 ab 33.07 a
2 504 0.231 a 40.60 b
3 504 0.247 cd 46.60 c
4 504 0.252 de 51.27 d
5 504 0.256 e 56.04 e
6 504 0.253 de 60.75 f
7 504 0.242 bc 66.09 g
8 504 0.233 ab 68.65 h
[a] Numbers in the same column followed by the same letter are not signifi-
cantly different at an alpha level of 5%.
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Table 2. Tukey results of air distribution heterogeneity and






Opening area 0.67 0.796 d 543.3 d
(%) 2 0.624 c 354.0 c
6 0.324 b 129.4 b
100 0.099 a 4.9 a
Airflow rate 0.125 0.406 cd 7.8 a
(L s−1 kg−1) 0.25 0.509 de 46.1 b
0.5 0.528 e 176.5 d
0.75 0.824 f 1358.2 g
1 0.348 bc 123.6 c
2 0.269 ab 497.2 f
3.9 0.197 a 306.0 e
[a] Numbers in the same column followed by the same letter are not signifi-
cantly different at an alpha level of 5%.
walls may have increased turbulence while reducing the local
velocity of air that was blocked by the non−perforated zone
mentioned earlier.
Regarding the X and Y positions, the highest air velocity
values were found in the middle positions (X = Y = 4 and X =
Y = 3). This can be explained by the fact that the end
configurations had more holes closer to the center of the
package, creating a preferential pathway and therefore
increasing the air velocity at this location. The larger values
found for the bottom of the matrix (Y = 3, 4) in comparison
to the top (Y = 5, 6) in the openings region could be a result
of the influence of natural convection, which increased at the
lowest airflow rates, as mentioned by Vigneault and Castro
(2004) and Vigneault et al. (2004b). Therefore, the cold air
located at the bottom induced a faster cooling process since
its temperature, and consequently viscosity, was lower,
creating a higher temperature gradient with the balls. On the
other hand, Alvarez and Flick (1999b) and Castro et al.
(2004) did not notice an effect of ball height direction (Y) on
the heat transfer or produce cooling rate, probably because of
an insufficient number of layers tested in that direction (two
layers and four layers, respectively).
The lowest velocities were observed at X = Y = 1, which
is the bottom left corner using the incoming air direction as
the reference. At this position, the air pathway had a mean
velocity approximately 1.7 times lower than at the opening
passage. This reduction in velocity when the air flowed to the
package wall is comparable to the 3− to 4−fold difference
between corner and perforated zones obtained by Alvarez
and Flick (1999a) in the X (width) direction. If, instead of air
velocity, the analysis of air distribution inside the package
had been based on HCT results, these would point to the top
right corner (X = 8, Y = 6, 8) as the area of slowest cooling.
This result may have been generated by the natural
convection effect previously explained, which likely de-
creased the cooling rate in the top of the matrix. Using the
research tool developed by Vigneault et al. (2004b), this
source of error is considerably reduced so that the air pathway
inside the porous medium can be predicted, which assists the
package design.
Air Velocity Heterogeneity and Pressure Drop
Increasing the opening area enhanced the uniformity of
the air distribution inside the package and decreased the air
pressure drop (table 2). The pressure drop results are in
agreement with those of Vigneault and Goyette (2002), who
claimed a significant influence of opening areas of less than
25% on the air restriction. The minimal opening area
produced a cooling process that was on average 2.5 more
heterogeneous than that of the 6% opening area (0.796 and
0.324, respectively) and a pressure drop that was 4.2 times
higher (543 Pa compared to 129 Pa).
The most heterogeneous air distribution and the highest
pressure drop were for 0.75 L s−1 kg−1, probably because this
airflow rate was tested only with the minimal opening area.
The minimal airflow (0.125 L s−1 kg−1) produced more
uniform cooling than 0.5 L s−1 kg−1, likely due to a natural
convection effect. This caused an inversion of the tendency
of heterogeneity results in the 0.125 to 0.75 L s−1 kg−1 range,
which were expected to decrease with the airflow rate
increase, as observed from 1 to 3.9 L s−1 kg−1.
The same pattern was observed for air pressure drop,
which reached the highest value at 0.75 L s−1 kg−1. Again, the
unexpected larger values of air resistance for 0.5 L s−1 kg−1
in comparison to 1 L s−1 kg−1, and for 2 L s−1 kg−1 compared
to 3.9 L s−1 kg−1, were likely caused by the container opening
configurations tested at these levels of airflow. Therefore,
follow−up analyses were performed to identify the influence
of airflow rate on air distribution uniformity and pressure
drop at each level of opening area.
COOLING EFFICIENCY
Opening Area
Less container vented area generated more heterogeneous
air pathways and steeper velocity gradients, which was likely
due to higher turbulence in the container (table 2). However,
the cooling uniformity results between the two least open
configurations (0.67% and 2%) were not statistically differ-
ent at 0.125 and 0.5 L s−1 kg−1 (P > 0.183 and P > 0.669,
respectively).  For airflow of 0.5 L s−1 kg−1, there was no
significant difference between the mean air velocities
produced with the three package areas (0.67%, 2%, and 6%;
P > 0.610). For airflows of 0.5 L s−1 kg−1 and greater, no
statistical differences were found for any of the opening areas
studied, including fully open (F2,6 = 1.029; P > 0.413).
Therefore, although enlarging the total opening area en-
hanced air distribution uniformity (table 3), it seemed to
increase the mean air velocity only at low airflow rates (0.125
Table 3. Effect of opening area on air distribution heterogeneity for different airflow rate.[a]
Opening Area Airflow Rate (L s
−1 kg−1)[a]
(%) 0.125 0.25 0.5 0.75 1 2 3.9
0.67 0.543 cA 0.952 dB 0.866 bAB 0.824 AB −− −− −−
2 0.632 cB 0.667 cBC 0.772 bC −− 0.604 cB 0.445 cA −−
6 0.301 bAB 0.317 bAB 0.354 aCD −− 0.360 bD 0.325 bBC 0.286 bA
100 0.147 aD 0.100 aBC 0.123 aCD −− 0.081 aB 0.038 aA 0.107 aBC
[a] In the same column, numbers followed by the same lowercase letter are not significantly different at an alpha level of 5%.
In the same row, numbers followed by the same uppercase letter are not significantly different at an alpha level of 5%.
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and 0.25 L s−1 kg−1). These results agree with those of Castro
et al. (2004) and Arifin and Chau (1987), who also noticed
that the opening area has a major effect on the cooling rate at
reduced airflow rates, although they still found a significance
difference at 1 and 2 L s−1 kg−1.
Airflow Rate
For a 0.67% opening area, the highest values of air
velocity and pressure drop were obtained with an airflow of
0.75 L s−1 kg−1. However, for this opening configuration, an
increment in airflow rate did not represent a great improve-
ment in the uniformity of the cooling process (table 3). The
maximum airflow tested with the 2% opening area generated
the highest mean air velocities and better uniformity, but also
the highest pressure drop.
The cooling efficiency obtained with a 6% opening area
and 0.125 L s−1 kg−1 airflow was not significantly different
from that at 0.25 L s−1 kg−1 (P > 0.064). Furthermore, these
levels of airflow produced a process as uniform as cooling at
the maximum airflow rate (table 3).
For all opening areas, especially 2%, the air distribution
heterogeneity  at 0.5 L s−1 kg−1 was higher than expected. This
may have occurred due to the inferior accuracy of the
research tool applied to determine the airflow distribution in
its transient phase (Vigneault et al., 2004b). Since this airflow
rate generates a Reynolds number of 2081, the undefined
dominance of inertial over viscous forces when air passes
from laminar to turbulent phase results in higher fluctuations
or poorer precision of the air velocity data.
To sum up, as the opening area increased, the cooling
uniformity increased (table 2). On the other hand, the air
pressure drop generated through the package increased
inversely to the opening area, but proportionally to the
airflow rate.
When the limiting factor is the material structure,
resistance minimizes the package opening area, and there-
fore an airflow rate of 0.75 L s−1 kg−1 would be sufficient to
produce fast and uniform cooling. If there is a limitation of
fan power, which is related to the pressure drop and reduces
the availability of airflow for the cooling process, then the
opening area should be enlarged to more than 6% to optimize
cooling efficiency. By using this opening area, the mean air
velocity may be comparable to that of the fully open
configuration,  but the restriction of air distribution through
packed produce is still critical. In this case, cooling
performance could be improved by increasing the number or
area of the holes and/or by changing their locations on the
container surface. Further research is necessary to optimize
the package opening design for better air distribution, such as
testing configurations that could benefit from the natural
convection effect to enhance the cooling rate.
CONCLUSION
The application of a research tool to infer the surrounding
air velocity in different locations inside a packed container
allowed accurate determination of the air distribution
through packed produce during precooling. The lowest air
velocities were observed at the bottom left corner of the
container in reference to the air inlet, and the highest values
were nearer the center or at the package holes. Although the
different container opening configurations created variable
air pathway patterns, they did not significantly influence the
mean air velocity for airflows equal to or higher than 0.5 L
s−1 kg−1.
Enlarging the opening area resulted in a decrease in the air
distribution heterogeneity and pressure drop through the
porous medium. Therefore, among the three opening areas
studied here, 6% could be recommended to optimize cooling
efficiency in the case of a container structural restriction.
Despite the high air approach velocities obtained with a 6%
opening area, larger opening areas should be tested to
improve the results for air pathway restriction and heteroge-
neity through produce.
ACKNOWLEDGEMENT
This project was accomplished with financial support
from the Fundação de Amparo à Pesquisa do Estado de Sao
Paulo (FAPESP), and the Horticultural Research and Devel-
opment Centre of Agriculture and Agri−Food Canada.
REFERENCES
Alvarez, G., and D. Flick. 1999a. Analysis of heterogeneous
cooling of agricultural products inside bins: Part I. Aerodynamic
study. J. Food Eng. 39(3): 227−237.
Alvarez, G., and D. Flick. 1999b. Analysis of heterogeneous
cooling of agricultural products inside bins: Part II. Thermal
study. J. Food Eng. 39(3): 239−245.
Arifin, B. B., and K. V. Chau. 1987. Forced−air cooling of
strawberries. ASAE Paper No. 876004. St. Joseph, Mich.:
ASAE.
ASHRAE. 2002. Methods of precooling fruits, vegetables, and cut
flowers. In Refrigeration Handbook, 14.1−14.10. Atlanta, Ga.:
ASHRAE
Castro, L. R., C. Vigneault, and L. A. B. Cortez. 2004. Container
opening design for horticultural produce cooling efficiency. Int.
J. Food Agric. Environ. 2(1): 135−140.
Goyette, B., C.Vigneault, B. Panneton, and G. S. V. Raghavan.
1996. Method to evaluate the average temperature at the surface
of a horticultural crop. Canadian Agric. Eng. 38(4): 291−295.
Kader A. A., ed. 2002. Postharvest Technology of Horticultural
Crops. 3rd ed. Publ. No. 3311. Davis, Cal.: University of
California, Department of Agriculture and Natural Resources,
Cooperative Extension.
Leyte, J. C., and C. F. Forney. 1999. Optimizing flat design for
forced−air cooling of blueberries packaged in plastic clamshells.
HortTechnology 9(2): 202−205.
Neves Filho, L. C. 2002. Armazenamento e distribuiçao
figorificados. In Resfriamento de Frutas e Hortaliças , 165−189.
L. A. B. Cortez, S. L. Honorio, and C. L. Moretti, eds. Brasilia,
Brazil: Embrapa Informação Tecnológica.
SPSS. 2004. Chicago, Ill: SPSS, Inc. Available at: www.spss.com.
Vigneault, C., and J. P. Émond. 1998. Reusable container for the
preservation of fresh fruits and vegetables. U.S. Patent No.
5,727,711.
Vigneault, C., and B. Goyette. 2001. Loss of ice through container
openings during liquid−ice cooling of horticultural crops.
Canadian Biosys. Eng. 43: 3.45−3.48.
Vigneault, C., and B. Goyette. 2002. Design of plastic container
opening to optmize forced−air precooling of fruits and
vegetables. Applied Eng. in Agric. 18(1): 73−76.
Vigneault, C., and L. R. Castro. 2004. Indirect airflow distribution
measurement for horticultural crop package: Part I.
Development of the research tool. Trans. ASAE (submitted).
Vigneault, C., M. R. Bordin, and R. F. Abrahão. 2002. Embalagem
para frutas e hortaliças. In Resfriamento de Frutas e Hortaliça,
95−119. L. A. B. Cortez, S. L. Honorio, and C. L. Moretti, eds.
Brasilia, Brazil: Embrapa Informação Tecnológica.
2038 TRANSACTIONS OF THE ASAE
Vigneault, C., B. Goyette, N. R. Markarian, C. K. P. Hui, S. Côté,
M. T. Charles, and J. P. Émond. 2004a. Plastic container opening
area for optimum hydrocooling. Canadian Biosys. Eng. 46:
3.41−3.44.
Vigneault, C., L. R. Castro, B. Goyette, N. R. Markarian, M. T.
Charles, G. Bourgeois, and L. A. B. Cortez. 2004b. Indirect
airflow distribution measurement for horticultural crop package:
Part II. Verification of the research tool applicability. Trans.
ASAE (submitted).
